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INTROOUCTION
Many of the beef cattle in the Gr eat Bas i n area ar e maint ained
part or all of the year on range l ands.

Most of those goi ng on t o

deser t (langes for only part of the year go on dur i ng t he late fall,
winter, and early spring.

It is estimated that 50-60 percent of t he

600,000 beef cattle grazing on range lands i n Utah graze on the onefourth million acres of desert or semi-desert sometime during the year.
The desert ranges of the Gr eat Basin are composed primarily of
browse species, and are intermixed with various grasses of the area
at different intensities.

These areas furnish abou t five months

fora ge each year, although certain areas are grazed year long.
There are great varia t ions of t emperature , rainfall, e l evation,
topography, soil type, and site.

These differences account for the

variations in species, fora ge quality, and nutritive cont ent of the
plants grown.
Previous studies on range forage plants have indicated that
there may he a deficiency in phosphorus and protein on desert winter
ranges.

Because of a lack of protein and phosphorus in the diet,

cattle may not be able to consume an adequate ration, therefore , an
energy deficiency may occur.

Work which has been done with sheep

shows that maintenance requirements are met but thet protein and phosphorus are too low for most efficient production of wool and lambs.
The data obtained

f~om

a aange research e xperiment conducted in

previous years on Utah desert ranges indicated t hat protein and phosphorus may be too low for most efficient produc t ion of beef cattle.
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An experiment was set up in 1957 to continue t be study of the
pr evious year and note the effects of supplementing cattle to offset
these deficiencies.
1.

The objectives of this experiment wer e:

To note the effect on the cattle weights, calf crop, and
weaning we i ght of calves due to supplementation.
a.

A group feeding trial was conduc ted to deter mine
effects of protein and phosphorus supplementation.

b.

An individual feeding trial was conducted to deter mine
effects of protein, phosphorus and ener gy supplementation.

2.

To develop equipment that can be used to feed animals individually on the range.

3.

To develop techniques of handling cattle for range nutrition
r esearch.
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REVIEW OF LITERATURE
A careful study of the literature r eview presented in a the s is
by James (1 957)

~suppl eme nting

cattle with protein and phosphorus on

des er t ranges" has been completed.

This current thesis is based on

information that was collected as a continuation of the previous study.
Therefore, the litera tur e r evi ew presented here has been summarized
with a minimum of repetition of the previous work.

New information

from mora r ecent studies has been added along with information r egaruing ener gy suppl ementation which was a new phase of the work.
The standards

rpquirements r eferred t o throughout this thesis ·

are those of the National Research Council, Morrison 9 s "Feeds and Feeding" , and Maynard and Loosli's "Animal Nutrition".

The latest edition

of each of the above named sources was used in compiling the following
table .
Tabl e 1.

Wintering mature pregnant beef cows.
Wt.of
cow
l bs .

N. R.C. - 1958

800

Morrison - 1957 900
Maynard and
Loosli - 1956

!7

1/

Total
feed
lbs.

Dig.
pro t .
l bs .

TDN

Phos.

lbs.

grams

22

1.0

11.0

15

6. 9 - 9.7

17

14.5 - 20.5

.65 - .70

(uses N. R.C. standards)

N. R.C. r equiremen ts allow for 1.5 lbs . daily gain and Morrison
allows for a sl ight gain.

Nutri t ion§l}d!ficiencies
The value of a feed depends upon the nu t ri ents contained in it.
Animals that eat the feed have cer t ain minimum nu t ritional r equirements

which must be met in order to produce efficiently.

Therefore, in

order to balance diets on the range , it sometimes is necessary to
feed supplements (Cook and Harri s , 1950).
In a study of Utah's winter range
16 dominant desert plants.

Esplin~

£1• (1937) analyzed

They found that ener gy provided by winter

range fora ge was adequate, but that a severe deficiency of phosphorus
and a slight deficiency of protein existed according to chemi cal
analyses.

Experimental work in New Mexico and surr ounding states has

shown that many of the semi-desert grasses are too low in phosphorus
I

to properly mee t range livestock needs ( Knox~

A!•t 1946 ).

The season or stage of maturity at which a plant is grazed has a
profound influence on its nutritive value.

Young plants are high in

protein and phosphorus but almost all range plants are deficient in
these constituents when mature

(Harris~

Jl., 1956).

Chemical analysis of the entire plant compared to that

ion

of the plant which cattle or sheep graze shows tha t animals tend t o
select and eat the most nutritious portions.

This selectivity becomes

greater with increased maturity (Cook!!£!., 1954).
Browse plants of the Great Basin area are known to contain a much
higher content of protein thaj the grasses of the area.

They also

contain a high level of carotene which will meet the needs of most
grazing livestock (Cook

s1 £!., 1954).

Sheep tend to graze a diet containing more browse and less grass
than do cattle.

The selectivity of grazing by sheep is gr ea ter than

with cattle and the sheep's diet may be more nearly balanced {Harris

Cook ~

!!•

(1954) found that the chemical content of ungrazed

desert range plants did not change appreciably after the cattle re•ched
the range late in the fall.

Most of the chemical change and looses due

to maturity and leaching come earlier in the late summer and fall of
the year.

In a study by Knox and Watkins (1942) some plants were

chemically analyzed for nutrient losses.

Seventy-five percent loss of

phosphorus and 25 percent loss in calcium occurred between April and
September on New Mexico ranges.

Ninety-eight percent of the plants

analyzed in February and March were low in phosphorus.

In ordinary

years this deficiency becomes acute from January until new growth
starts.
Some of the principal range grasses on the college ranch in souther n
New Mexico were observed to show losses of 37 to 73 percent between
October and March {Watkins, 1943). During this same period phosphorus
losses of from 49 to 83 percent were observed, depending on the amount
of late fall and winter leaching losses.

Except at the peak of the

growing season, phosphorus requirements of cattle were not met according
to blood analyses using four milligrams of inorganic phosphorus per
100 cc. of plasma es the minimum requirement.

Carotene levels of the

forage grasses were borderline or deficient during the winter months.
SagebrUih (Artemisia filifolia) and shadscale (Atriplex

canescensl~

the

main browse plants, were adequate in protein, phosphorus, and calcium.
Harris~

!!•

(1956} found that supplementation wi t h phosphorus ,

protein, and energy increased weight gains of pr egnant ewes .

Clean

wool and gr ease wool were significantly increased by phosphorus and
protein supplements.
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Knox and Watkins (1942), Lantow (1930), and Nelson ~

ll•

(1955)

all found advantages in feeding protein and phosphorus supplements to
range cattle.
Phosphorus
The mineral matter of the body is composed of many minerals.
among these are calcium and phosphorus.

Chief

Despite their small amounts,

they are absolutely essential to life (Maynard and Loosli, 1956).

The

phosphorus, which is combined with calcium to form the skeleton, accounts
for approximately 80 percent of the body supply.

The remainder is widely

distributed in combination with certain proteins and fats and as inorganic salts.

Phosphate ions are found in the blood cells.

Phosphorus

is essential for energy transfer in the muscle tissue.
Phosphorus deficiency is likely to occur in cattle or sheep grazing
semi-arid areas in which phosphorus is lacking in the forage.
Ther e is usually no correlation between calcium and phosphorus in
the soil 'and plants grown on that soil; however, some species are more
efficient than others in obtaining phosphorus from the soil and showed
a high content even on soils low in available phosphorus.
Harris, 1950).

(Cook and

In this same study it was found that there was a sign-

ificant decrease in percent phosphorus as the season advanced in nearly
all species and in their various plantpart.
The National Research Council (1958) listed the symp t oms of phosphorus deficiency as a decrease in blood phosphorus, a depraved
and decreased wei ght gains.

These sympt oms are followed by pica and a

craving for bones, sticks, etc.
may also occur.

~ t ite ,

Irregularities in the es t rous cycle

As the deficiency becomes more pronounced, the efficiency

of feed utilization decreases, especially in r egard to protein.
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There is indication from b lood data that the availability of phosphorus may be associated with protein in the diet (James , 1957).
The amount of inorganic phosphorus i n blood plasma has been
found to be a good measure of the adequacy of phosphorus consumed by
ca ttl e .

Work with dairy cows shows that 4 to 6 milli grams of i nor ganic

phosphoru s in 100 cubic centimeters of blood plasma ar e normal for
mature cows.

This is in agreement with Stanley (1938 ), Watkins (1948 ),

and Knox~ ~· (1941).
Lonq ~ ~· (1957) conducted feedinQ tr ia ls with grade Hereford
steers to compare the effects of different percentages of supplemental
phosphorus on feed cons umption , wei ght

~1ain,

and inorganic phosphoru s

in the plasma as measures of phosphorus nu t rition.
mo nosodi~m

He fed steers

phosphate to ra ise the base l eve l of (.07- .09%) phosphorus

in t he ration to vari ous l evels between 0.11 and 0.19 perce nt of the
total ·diet.

Feed int ake , we i ght

~ ain,

and plasma phosphorus i ncreased

with increased phos phorus from .07 to .11 percent.

Plasma phosphorus

was espec ially sens iti ve to chan9e in phosphorus i ntake but showed
periodi c var iati on.
or~ anic

He ifers c alvi ng at two years of aue had l ower in-

phosphorus l eve l s t han open heifer s wi nt er ed at the sa me l evel

(Thomas 1948 ).
Ne ls on tl .tl· (1 955), i n his wor k with cows on t he range in
Oklahoma , found t ha t a daily phosphor us intake of 7 grams per head in
winter, 9 or arns in e arly summer, and 6
r equi r 0d .
and

1 . 2~

~. r ams

dur inQ late summer was

This r equir ement wa s met by 16 to 20 pounds of prair ie ha y
pounds of pr otein supplement .

I n ye ars of poor gr ass gr owth

a phosphor us supplement shou l d be pr ovided as a mar gin of safety, and
also when two pounds or more of a pr otei n supplement i s fed .
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Types 2f phosphorus §Vpplements
In areas where soils and forage are deficient in phosphorus, i t is
a common practice to feed a mineral phosphorus supplement.

Many methods

of feeding the supplements on the market have proven quite satisfactory.
Minerals have been successfully and conveniently fed mixed with
salt at a level of 6.5 percent phosphorus (Knox and Watkins, 1942).
James (1957) found monosodium phosphate mixed into the water to be
satisfactory method of administration in cases where the water is supplied
by hauling to troughs located on the range.
Steers and lambs were used to ascertain the relative availability
of various inorganic phosphatic materials for ruminants, using phosphorus balance and inorganic blood phosphorus levels as criteria when
80 percent of the phosphorus of the diet came f;om inorganic sources
(Ammerman~

£!•

1957).

It was found that no difference existed be-

tween two commercial electrothermically produced dicalcium phosphates,
two calcined defluortnated phosphates, and one sample each of bone meal,
soft phosphate with collodial clay, and Curacao Island phosphate were of
equal value in promoting phosphate retention and maintaining blood phosphorus levels in yearling steers, but only di-calcium phosphate and
Curacao Island phosphate was utilized by lambs.
Long~

£!• (1957), in feeding trials conducted with heifers using

steamed bonemeal, Curacao Island phosphate and di-calcium phosphate,
showed no statistical difference between the phosphorus types studied.
Mineral supplements of di-calcium phosphate, steamed bonemeal, or
defluorinated rock phosphate proved to be satisfactory supplements when
mixed with two parts ground rock salt and one part phosphorus supplement

9

(Nelson~

Jl•

1955).

In a study conducted with Hereford beef steers, Tillman and Brethour
(1958) showed that there was no statistical difference between reagent
grade phosphoric acid and di-calcium phosphate as phosphorus supplements
when 60 percent of the phosphorus of the diet was supplied by the
supplement.
The requirement for phosphorus by calves weighing from 200-215
pounds was shown to be about 0.22 percent of the air dried ration by
Wise _n J.l• (1958).

Adding a factor of safety, calves from 12-18 weeks

of age should receive about 0.30 percent phosphorus in the diet.
Protein
Proteins are present in every cell, and as such, are the principal
con~tituent,

other than water, of the organs and soft structure of the

body such as the muscles, tendons, and connective tissues.

The body is

composed of about 20 percent protein from these various tissues according to Maynard and Loosli (1956) and Morrison (1957).
A deficiency of protein causes a decrease in the digestibility of
the ration, retards growth in young animals and slows the rate of gain
in fattening animals.

Milk production drops off, and the animals become

unthrifty in appearance.

A prolonged deficiency can result in permanent

injury (Morrison, 1957).
The National Research Couacil requirements are based on farm conditions and allow for 1.5 pounds gain in weight each day.

Cattle can

be wintered at a lower level of protein and still produce normal calves
according to Butcher {1958).

Heifers and ewes were wintered at three

levels of protein, five percent, seven percent, and nine percent of the
diet.

This equals a level at maintenance as derived by Klieber's formula,
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one 30 percent above, and one 30 percent below.

All heifers and ewes pro-

duced normal offspring, although, those on the two lower levels lost
weight while the high level gained weight during the test period.

This

>

suggests that National Research Council levels may be too high for practical application to range livestock although this is supported by only
one years data and provides no evidence on carry over effect.
On the basis of data collected by Thomas (1948). it would appear
that the practice of wintering heifers bred to calve at two years of age
at a high level of nutrition is not as economical as wintering at a low
level.

This was verified by records of their future .production.

In this same study, it was noted that the plasma-protein level
t ended t o be lower for heifers wintered at a low leve l than for heifers
from the higher levels.
In digestion and nitrogen balance trials with lambs, soybean oil
meal, sesame oil meal, and cottonse ed meal were compared as prote i n
suppleme nts in semi-purified rations containing 4 , 6, and 9 perce nt
protein.

The di gestibility of protein at each protein l eve l was sign-

ficantly lower in the cottonseed meal ration than in either of the ot her
two rations.

Also, average nitrogen retention at each prote i n l eve l was

lowest with the cottonseed oil meal ration and highes t with the sesame
oil meal ration (Woods ~

A!•t 1958).

The feeding value of forage depends primarily on the magnitude of
its contribution toward the daily energy need of an animal.

The dif-

ference between forages in r espect to their contribution is due t o the
amounts in which they are consumed (Crampton, 1957).

Also, the extent

of voluntary consumption of a forage is limited mainly by t he r ol e of
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digestion of its cellulose and hemicellulose rather than by the contained
nutrients or the completeness of their utilization.
This is further explained by Moir (1958) who states that the rate of
digesti"on determines the amount of a nutrient made ready for body use.

;

The

t~~al

:I

di ges~

capacity can not influence digestible nutrients any faster than
materials ate removed to make room for new feed.

Rate of digestion

is more important than capacity and becomes slower as feed intake
higher.

goe~

With limited feed intake the rate of digestion and complete-

ness of digestion is increased.

The digestibility was raised from 68

\

to 72 percent of the dry matter ingested by sheep.
The rate of digestion may be retarded by any one of numerous circumstances which interfere with the numbers or aetivity of rumen microflora.

These includeJ excessive lignification from advanced maturity

of forages, partial starvation of flora from nitrogen or specific mineral
deficiency, or from the presence in excess of bacteriostatic agents
(Crampton, 1957).
According to Cook

~

£!•

(1954) total digestible nutrients or

digestible energy are inaccurate measures of energy values for range
forage due to the consumption of browse plants which contain essential
oils and are lost t o the animal consuming them via the urine.

There-

fore, metabolizable energy is a much more accurate measure of a range
die t 's energy worth.
The digestibility of nitrogen-free-extract, crude fiber, cellulose ,
and other carbohydrates decreases as the lignin values increase within a
single species of plant in its different stages of growth {Phillips and
Loughlin, 1949).

Most species of plants on Utah ranges showed a steady

decrease in digestible protein, cellulose, gross ener gy, and other
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carbohydrates as maturity increased (Cook ~ ~., 1954).
Studies conducted by Skipitaris (1957) with pigs to det er mine the
influence of added sugar upon the digestibility of crude protein and
crude fiber of barley showed that addition of 16 percent sucrose to
the ration decreased crude fiber digestion by 38 percent.

This is in

agreement with ruminant studies.
He ifers wintered on a low level of nutrients successfully produced
two calf crops when bred to calf at two years and three years of age .
but required longer to reach their matur e weights than similar heifers
which were on liberal rations (Thomas, 1958).
Water
Water, because of its abundance and univer sal use, i s seldom r egarded as a feed, and yet it is one of the most essential nutrients for
all animal life (Snapp, 1952).

The vital role of water in the body was

shown by Rubner who observed that the body can lose practically all of
its fat and over one-half of its protein and yet live while a loss of
one-tenth of its water causes death (Maynard and Loos li, 1957),
All living plant or animal tissues are composed to a large extent
of water.

In the case of cattle , the water content is approximately

95 percent for the embryo shortly after conception, 75 to 80 percent
at birth, 66 to 72 percent at five months, and 50 to 60 percent in the
mature animal {Maynard and Loosli, 1956).
Water dissolves and transports nutrients, acts in chemical reactions
of digestion, aids in control of the body temperature and jives shape to
plants and animals (Morrison, 1957).
body.

Water varies between tissues of the

Blood plasma contains 90 to 92 percent, muscle, 72 to 78 percent,

bone, approximately 45 percent, and the enamel of the teeth 5 percent.
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Water is excreted in the urine as a solvent for ·_.eatobolic\ :Rroducts which
leave the body through this channel.

It is also lost to the\ body through

respiration, perspiration, and with the feces {Maynard and Loo~',\~, 1957).
Cattle obtain about one-third of a gallon of water per day tbrough
the ingestion of dry feeds which contain about 10 percent moisture.

In

contrast to this, a very large portion of the daily water requirement
may be obtained from green succulent feeds (Winchester and Morris, 1956).
In this same study it was found that the level of nutrition or amount of
feed eaten did not influence the ratio between dry matter and water required.

Water intake and urine excretion rates

we~e

shown to be related

to temperature, protein, and dry matter intake by Winchester and Morris
(1956).

Steers on high protein allowances consumed 26 percent more water

than did similar animals on low protein rations.
Protein supplements fed with salt as a regulator of consumption
increased water intake from 22 percent or less up to 100 percent {Riggs
~

!1••

1953).

Winchester and Morris (1956) were able to increase water

consumption 40 to 60 percent by increased feeding of salt.
The influence of the ratio of energy to dry matter on water consumption of cattle is still unknown.
Ragsdale !!

Jl•

{1953) found that at temperatures below 75 degrees

Fahrenhe it, the effect of humidity was found to be neglibible.

The fre-

quency of drinking was greater above than below 75 degrees and at temperatures above 75 degrees water consumption was somewhat less at high
than at low l evels of relative humidity.
Winchester and Morris (1956) found that until the ambient t emperature
exceeds 80 degrees Fahrenheit, cattle tend to do most of their drinking
in the late forenoon or in the early afternoon.

The least drinking occurred

UTAH STAT~ UNIVERSITY LIBRAR"

I.

I
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in the ni ght and morning hours.

Ragsdale ~ ~· (1950) found that cattle

drink oftener, about every two hours, at temperatures above 90 degrees
Fahrenheit.
Winchester and Morris (1956) showed water intake to be a function of
dry matter consumed, and ambient temperature.

Little influence was noted

between 10 to 40 degrees ambient temperature, but as the ambient t emperature rose above this value, the water consumption rose very sharply to
a high near 100 degrees Fahrenheit.
Water hauling is becoming an increas ingly i mportant part of desert
range management.

Where natural water supplies can not be developed,

water hauling to livestock offers t he following advantages (Costello
and Dri scoll, 1957)s
1.

Hauling provides a dependable water supply in dry seasons.

2.

It hel ps the cattle owners obtain a more even use of fora ge .

3.

It places water where forage is available.

4.

It reduces trailing damage to the range.

5.

It permits grazing at the most appropriate time of the seas on.

6.

Animal weight gains are more easily maintained with the r educed travel.

Successful water hauling requires an adequate source of water with in
15 miles, and storage space for one weeks supply of water.

Also, a tank

truck and troughs for about 1,000 gallons of water is required for an
economical unit

ac~ording

to the Costello and Dri scoll (1957).

As a rule of thumb, the average cow requires 10 gallons of water
per day.

The actual amount an animal will consume depends on the weather,

kind of forage, and size of animal.
According to the Agricultural Research Service (1957), a 1,000
pound steer or he i fer on southwestern ranges wil l consume 7 gallons of
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water daily at 40 degr ees Fahrenheit; 10 gallons at 70 degrees , and 17
gallons at 90 degrees.
Salt should be placed about one quarter mi l e f r om the water because
the aver age time lapsP- between salting and water ing for cattle is seven
hours (Costello and Driscoll, 1957).
Salt

~A

r eaulator of protein consumption

The need for salt in livestock feeding has long been r ecognized.
Salt or its constituents , sodium and chlorine, are closely associated
with the functions of respiration, blood circulation, and digestion,
as is also the enzyme system of the body.

When salt is excluded from

the diet of animals definite deficiency symptoms appear.

The amount of

s alt eaten by animals varies with diet and tends to be hi gher on hi gh
roughage rations and in the feedlot.

The digestibility of feeds is

influenced by the addition of salt to a diet, and it was found that
animals on a low salt diet are retarded in growth and make r educed gain s
in the feedlot (Cox ]1

!l•t 1957).

One of the recent findings in range Desearch was the use of salt
mixed with protein concentrate to regulate consumption when felf fed to
cattle on pasture.
The amount of salt in the salt protein meal mix regulates the
daily consumption.

Mcilvain (1955) lists the following advantages and

di sadvantages of the self feeding of a protein meal salt mixture.
Advantages of the self feeding system are:
1.

Saving of labor since the protein suppl ement can be put out
weekly or biweekly instead of daily.

2.

Less disturbance of animals because they do not need to be
rounded up to be fed.
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3.

More uniform consumption of meal.

After the more aggressive

cattle have eaten their fill, there is still plenty of supplement for the more timid and weaker cattle.
4.

More uniform grazing because the feeding bunks can be moved
to ungrazed portions of the range .

5.

No apparent ills results from the feeding of the salt meal
mixture.

Disadvantagesz
1.

Slight reduction in per head gains during the winter.

2.

The cost of the salt and of mixing it with the protein meal.

The general practice has been to use cottonseed oil meal, soybean
oil meal, and in some cases, a meal comprised of small grains and a
protein supplement.
Stnce absorption of salt is almost quantitative into the blood
stream, water must be available because it is used by the animal to
produce urine and eliminate the salt.
salt in the urine is 2.3 percent.

The maximum concentration of

For every pound of salt eaten, about

five gallons of urine must be produced for its elimination (Cardon et

~.,

1951).
Riggs s! A!• (1953) and James (1957) report ed a periodic scouring
in cows getting self fed salt meal mixtures.

No ill effects on the

health of the cattle were noted, however.
Salt meal mixt ures have been successfully fed in Arizona by Cardon
~ ~·

(1951), in Ok lahoma by Nelson ~

!1· (1954),

in Washington by

Galgan and Ensminger (1956), in Texas by Ri ggs S! ]!. (1950), in Utah
by James (1957), and in Alabama by Brown et

~·

(1958 ).
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Birth

~

we aning weights

~

calves

Nelms and Bogart (1956) found that breeding lines, time of birth,
and birth weight all affected rate of ga in during the suckling period.
A difference of 0.115 pounds per day in rate of suckling gains was noted
for age of dam although there was a large difference between two year
old and older cows.

No direct effect of sex on rate of suckling gain

was found, therefore, when birth weight effect was r emoved the females
approached the males in suckling gains .
In a study by Marlowe and Gaines (1958) the influence of age, sex
and season of birth of calf and age of dam on the preweaning growth
rate and type score of Virginia beef calves was evaluated.

This study

included all three major beef breeds from many different herds, and extended from 1953 through 1956.

About one-third of the calves were creep

fed before weaning.
Type scores were not influenced by age of calf.

Sex of calf in-

fluenced growth rate significantly but had little effect on type scores.
Bull calves grew approximately 5 percent faster than steer calves and
steer calves grew approximately 8 percent faster than heifer calves.
Season of birth had a significant influence on growth of non-creep-fed
calves, but was of no practical importance on growth of creep-fed-calves
or type score in either group.
Age of dam was the most important source of variation with the
largest differences occurring in the younger age groups.

Maximum

production came from the cows between six and ten years of age.
According to the National Research Council (1958) a weight of not
less than 1,050 pounds before calving is usually necessary in beef cows
to support consistently regular r ebreeding and maximum lactation and to
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produce optimum weaning weights of the calves they produce.
In a study by Knapp and Black (1941) milk consumption had the
gr eatest influence of al l contributing factors on t he weaning wei ght
of calves.

This is closely correlated with mil k production of the dam

and her l evel of nutrition.
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METHOD AND PROCEDURE FOR GROUP TR IAL
The method and procedure used for this experiment was very much
like that of James the previous year.
Three hundred head of grad e Her eford cows and desert range in Pine
Vall ey located west of Milford, Ut aH, was obtained from the Dearden
Land and Water Company of Garrison, Utah.
Description of

~

This area was thoroughly discussed by James {1957).

The four

pasturGs used for the experiment were r evised from the previous year
and a group trial was conducted in the northernmost three of the
pastures while an individual feed ing trial, to be discussed later,
was conducted in the southernmost pasture.
V1ater
As in the preceding year, all water was hauled to the ca ttle on
a truck fitted with water tanks (figure 1).
Ex per i:nenttl ,1des i qn
The three pastures used were about equal in grazing capacity and
size and were separated by two wire electric fences.
Three hundred and three Hereford cattle were stratified according
to age and allotted at random in 1955.

The same cattle were used in

1956-57, but some had been lost and ther e was some r eallotment.

Groups

vJer e

assigned at random to the pastures as fl)llows:

Soybean oil meal and monosodium
;.:onosodium phosphate (3).

phosphat~

(1 ), Control (2 ), and

The ages listed below were the ages attained

by the cattle ' in the spring of 1957.
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Table 2.

Numbers of cattle on experiment.

Treatment

Age of cattle in ~ e ars
4
3
5
6-9

Total

Soybean oil meal and
monosodium phosphate

34

21

23

19

97

Monosodium phosphate

34

23

25

19

101

Control

34

~

23

21

103

102

69

71

59

301

Total

Monosodium phosphate was added to the drinking water to increase
the phosphorus content of the diet by approximately 8 grams of phosphorus per cow per day.

The soybean oil meal was mixed with coarse

ground salt to regulate the intake of the soybean oil meal to approximately one pound per cow per day.
The soybean oil meal and monosodium phosphate and salt mixture was
f ed in 55 gallon drums which had been split lengthwise and set in lo g
frames.
The monododium phosphate was t hroughly dissolved in a five gallon
glass bottle of water and then poured into the watering t roughs when
they were fill ed each day.
The f eeding period extended from December 7, 1956 t o May

~,

1957,

for the phosphor us group and until May 6, 1957 for t he soybean oil meal
and phosphorus group.
The cows wer e identified by duplicate black enamel l etter ed ear
t ags .

Three digits were used for ident ification.

The fir s t digit was

the las t di git of the year in which the cow was bor n and the other t wo
digits identified the group and individual within the t r eatment group.
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Different shaped ear tags were used on each group of cattle.

The cattle

were further identified by putting daubs of scourable sheep branding
paint on the back or withers.

A different color was used for each group.

The cattle were rotated among pastures (table 3).

The rotations

were to reduce the effects of natural variations among pastures.
Table 3.

Rotations

Rotation period

Pasture 1
treatment

Pasture 2
treatment

Pasture 3
treatment

Dec. 5 - Jan. 12

SBOM & P

Phos.

Control

Jan. 13 - Feb. 15

Control

SBOM & P

Phos.

Feb. 16 - Mar. 29

Phos.

Control

SBOM & P

Mar. 30 - May 27

SBOM & P

Phos.

Control

The cattle were brought to a central corral at the well to be
weighed.

The well was located in about the center of pasture 2 and

was near the west side of the allotment.

The cattle were watered on

arrival at the corral and held overnight without feed or water before
weighing.

All groups were mixed and the cattle were weighed at random.

Cattle llgvement
Saddle horses were used to move the cattle during rotations and
weighing.

A trailer was provided to haul a horse behind the water

truck if needed.

A two-ton truck wi t h a stock rack was also available

for transporting cattle and the hauling of a saddle horse.
Condition scores
At the January, March and May weighing all cattle were scored for
condition.

The score and condi t ion scale used was as followsa
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1. Fat; 2. Med ium f l esh; 3. Thin; 4 , Poor, 5.

Ve~y poo~.

Obs e~vations

The ca ttle were observed daily at the time of watering for condition,
fi ll, contentment and general r esponse to their treatment .

Sick, lame or

other wise incapacitated animals were no ted.
Temperature was r ecor ded at the well along with a general statement
of weather each day.
Bi r th wei ohts

~

weanino we i ghts

During calving t i me , the cattle wer e inspected on horseback as often
as possible and not over two or thr ee days apart.
roped , we i ghed , and ear-tagged .

The

ne~~ born

calves wer e

The calves wer e weighed with a 100 pound

capacity spring scale that was carried on the saddle while checking through
the ca ttle .
the 7200

Ear tags in the 7100 series were used in t he

SB~ft.

& P group,

series in the phosphorus gr oup, and the 7300 series in the

contr ol group.
The smal l calvy cows were t aken out at the March weighing and fed
f r01n 1liVj 8, 1957 until a cow from each treatment group could be r eturned to pasture after calving, whenever possible.
The calves wer e ident ified with their dams when the cattl e wer e
moved from the winter range.

At the same time t hey were weighed and

t ags that had been placed t oo deep in t he ear were r eplaced.
The calves were weaned October 10, 1957, at that time t hey were
we i ghed individually.

The cows were we i ghed individually at the same

time .
These same cattle were maintained in common during the summer
pasture period .

The cows were weighed in February, 1958 and the calves
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and cows in May, 1958 and October, 1958.

During the winter 9razing

period the cattle were maintained in one group and rotated over the
e xperimental area of the previous year.
ation after May of 1957.

They received no supplement-
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METHOO AND PROCEDURE FOR
THE INDIVIDUAL TRIAL

During the winter of 1956-57 a supplemental feeding program was
also carried on with two-year-old Hereford heifer s in Pine Valley.

The

heifers were fed supplements of phosphorus, protein, and energy from
December until March. During the summer they were grazed

on meadow

pasture near Garrison, Utah.
Description £f !£!!
The range area used was divided into four pastures.

The northern-

most three of these pastures were used for the group feedin g trail
which has already been discussed.

The four th or southernmost pasture

was used for the individual feeding trial.

This pasture was about three

miles wide and six miles long.
Water
There is no natural source of water within the pasture limits.
Water was supplied to the cattle by snow or hauled by truck from a
drilled well near the hardpan on the allotment .

The water was hauled

on a two-ton truck to the watering trough which held about 900 gallons.
The trough was moved periodically to control the grazing area of the
heifers.
Experimental detign
Ninety-nine head of two-year-old Hereford heifers were stratified
according to weight and allotted at random to the treatments outlined
in table 4.
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Tab l e 4.

Experimental design, showing daily allowance of feed
(animals were fed every second day twice these amounts )

Amount of
phosphorus

Tr eatment

9

Control

1

6 grams phosphorus
12 grams phosphorus

4

8

.8 lbs. sugar plus 6 grams p
1.6 lbs. sugar plus 6 grams p

2

1 lb. soybean oil meal plus

3

3 grams phosphorus
2 lbs. soybean oil meal

7

5

6

1 lb. soybean oil meal plus
9 grams phosphorus
2 lbs. soybean oil meal plus

6 grams phosphorus

Number of
ani:nals

gms.

no.

0

11

6
12

11
11

6

11

6

11

6
6

11
11

12

11

12

11

To obtain the phosphorus level in treatment 1, 140 gr ams of mixtur e
1, and 100 grams of mixtur e 2 (table 5) were mixed and fed each second

day.

For treatment 4 , 280 grams of mixtur e 1 was fed each second day.

Mixtures 1 and 2 (table 5 ) were pelleted into three-fourths inch pellets .
Table 5.

Phosphorus supplement fed to heifers

Feed

Mixture No.
1

2

%
Molasses , cane
Monosodium phosphate
Straw, oat
Meadow hay

20
30
35

20
0

15

50
30

10~

10(1%
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Condition scores
Every second weigh period the heifers were scored for condition.
score and condition scale used was as follows&
3. Thin; 4. Poor; 5. Very poor

The

1. Fat; 2. Medium flesh;

(Appendix table 18).

The heifers were also scored for lameness at the March 13 rot ation.
The scale used was as follows;

1. No lameness; 2. Slight lameness;

3. Moderately lame; 4 . Marked lameness; 5. Very lame.

At this same

weighing the heifers were scored for haircoat and general appearance using
the following scale; 1. Glossy haircoat with heifers licking themselves;
2. Moderate licking of haircoat - glossy; 3. Average haircoat - some sheen;
4. No licking of haircoat and lack of sheen; 5. Rough - shaggy hairc.oat.
Blood samples were taken in February to check on the phosphorus
content.
Observations
The heifers were observed daily at watering or feeding time for
condition, fill, contentment, and general r esponse to treatment.

Sick,

la me or otherwise incapacitated animals were noted and treated when it
was necessary.
A daily statement of general weather conditions and temperature
was recorded.
Methods of feedinq £.!lQ. handling
The diets used for this trial were prepared on the Utah State
University campus at Logan, Utah, and were transported from there t o
Pine Valley where they were stored in a small portable feed shed near
the well which was the base of the experiment operation.

This shed was

made of a wooden frame covered with corrugated metal roofing.
to store about five tons of feed.

It served
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Feed was secured from t his s t ockpile one sack at a time as it was
required.

A sack of each ration was maintained in the feed storage area

between the chutes.

A measured amount of feed was removed from these

sacks and placed in the feeding boxes as the heifers were fed.
Weight measurements were used in the determination of the size of
the container used to measure each ration into daily portions.

A can

was then provided for measurement of each diet into dally allotments
and was used throughout the experiment (figure 2).

Treatments 1 and 4

were weighed to the nearest gram on a small port able scale.
Due to the wildness of the heifers and the difficulty of getting
them to eat in individual stalls they were fed one pound of soybean oil
meal per head for about three weeks before the actual trial began.

The

heifers were forced to walk through the chutes to obtain feed until they
became accustomed t o eating the soybean oil meal and being in the chutes.
Monosodium phosphate was added to the lower soybean oil meal levels
t o increase its phosphorus content.

Suqar (sucrose) and phosphorus were

fed at a level to duplicate the energy of the soybean oil meal and phosphorus mixtures.
The heifers were iden t ified by duplicate black enamel lettered ear
ta gs.

Three digits in the 50Q-599 series were used.

Daubs of black,

scourable sheep branding paint on the withers were used for further
identification.
The heifers were moved periodically to reduce the effects of overgrazing small areas and to provide range forage nearer the supply of
water.

The shorter distance to water aided rounQing the heifers into the

corral to be fed and helped keep the heifers from getting too tenderfooted to graze normally.
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Cattle weights

~

blood samples

The heifers were brought to a central corral at the well to be weighed.
They were watered on arrival at the corral and held overnight without fe ed
or water before weighing.

They were weighed and moved to a new area of

feed on the following dates {table 6).
Table 6.

Weight and movement dates of individual trial

Weighed

Moved

Dec. 2, 1956
Jan. 10, 1957
Feb. 9, 1957
Mar. 12, 1957
April 9, 1957
May 28, 1957

Dec. 7, 1956 Moved to desert
Jan. 25, 1957
No Rotation
Mar. 19, 1957 ·
No Rotation
To meadow pasture for summer

Supplemental feeding began December 9, 1956 and extended to March 8,
1957.

The heifers were fed every day until JaDuary 18, 1957 at which

time every other day feeding began.
The heifers were gather ed by a man on hors eback and herded toward
the corral at a very l eisurely gait on every second day.

During January

and February of 1957 the heifers wer e on rather rocky ground at the base
of the Wah- Wah Mountains and they became qui t e t end erfooted.

They were

disturbed as little as possible during this period.
Upon r eaching the corral all of the heifers wer e allowed to water.
After watering they were crowded into the holding corral and crowding
pen preparatory to f eeding.

They were fed and allowed twen t y to thirty

minutes to eat their ration.

They wer e t urned loose after eating and

allowed to water again if they desired or r eturn to grazing.

They usually

laid down ou t side t he corral for an hour or two after eating before they
again moved out to graze.
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A check sheet was kept on each heifer to see whether she ate all,
part, or none of her feed.

The cows were identified to treatment by

eartag number and were fed accordingly.
feeding chutes at random.

They were allowed to enter the

After a routine had been worked out the

entire herd could be fed in about four hours.
Birth

~

weaning weight gf calves

At the April 9, 1957 weighing all heifers which looked like they
would calve were removed from the group.

As near equal numbers of

heifers from each treatment group as was possible were removed and were
fed meadow hay at the central corral until after calving.
As each heifer began to calve she was removed from the group and
put into a s eparate pen where she could be watched and aided if necessary.
She r emained in the small pen with her calf for a day or two and was then
turned out with the other heifers whi ch had calved.

Each heifer and her

calf was observed in this group for about a week or ten days.

If every-

thing proceeded normclly and a heifer from each treatment was available,
this group was hauled by truck back to the individual feeding corrals
and unloaded.

After an hour or so when the heifers had located their

calves again, they were turned out to graze.

These heifers were observed

periodically afterward to see · that all of the calves were properly mothered.
Many of the heifers required help during calving.
not clean properly and had trouble with infection.

Some of them did

These were given

penicillin and sulfa tablets as it was deemed necessary.

If they remained

sick and weak, they were cared for individually until they could return
to the group.
The calves were weighed and ear-tagged the day after birth with a
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100 pound capacity spring scale.

The calves were tagged with a number

in the 7,000 series, the last three digits being the same number as that
of their mother.

The tags used were of a permanent type with small

stamped in numbers.
The calves were weaned October 10, 1957, and at that time they were
weighed individually as were the heifers.
These cows were pastured in common with the cows of the group
experiment for the summer and winter of 1957-58.
further supplementation.

They received no

Weights were obtained on the cows in February,

1958, and on the cows and calves in May, 1958, and October, 1958.
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DESIG~

Corrals, chutes ,

~

OF EQUIPMENT

gates

The corrals, gates, and chutes were cons t ructed of one inch by six
inch rough sawed pine boards.
eight , and twelve feet long.

Panels were made five feet high and four,
The fence of the corral s was constructed

of lengths of diamond mesh wire five feet high and fifty-five feet long.
Steel posts were driven into the ground approximately sixteen to eighteen
fe et apart and were arranged in a circular fashion to form two corrals
which varied from sixty to seventy feet in diameter (figures 3 and 4).
The wir e was placed around the perimeter of these posts and was wired
securely to them.

Lodgepole pine poles approximately 18 feet long were

then wired to the outside of the fence about three and one-half feet from
the ground and were arranged so that they extended twelve to eighteen inches
beyond each post.

They were wir ed securely together at the point of

crossing and were then wired to each post and to the net wire between
each post.
The gates between the corrals were twe lve foot panels for the heifers
and a four foot panel which was used as a handgate.

The main gate to the

corral containing the water trough was made of two eight foot panels which
swung to gether and joined at the center of the gate opening.

Two ei ght

foot panels were considered better than a single twelve foot panel because the water truck had the water tanks mounted crosswise of the truck
bed and the spou ts for removal of the water pro t ruded beyond t he truck
bed.

It was also found that the heifers crowded the gate when they were

gathered to be fed and watered, especially if they were t hirsty.

A four
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!>Q-70'

.....

\
\

\Gate

·

Holding
pen

!)Q-70°

(fiou90
Feeding
Chutes

Materials Required
12 12 in. x 8 in. x 4 in. feed boxes
10 12 ft. panels 5 ft. high
22
8 ft. panels 5 ft. high
10
4 in. panels 5 ft. high
5 55 ft. rolls of 5 ft. high net wire
20 to 30 18 ft. pine poles
12 24 in. chains with snap fasteners
60-70 6 ft. steel posts
Smooth wire to tie fence parts together
Figure 3.

Diagram of corral and inventory of materials

Figure 4. Corrals and chutes used to feed the heifers of the individual
feeding trial.

w
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foot panel was used as a handgate at the end of the outside feeding chute
to facilitate feeding the three heifers contained in that chute at feeding time.

A twelve foot panel was sometimes extended forward to the

corner of the larger corral in place of the mesh wire.

All of the gates

were secured with ehains 24 inches long with snap fasteners.
The crowding pen was constructed of board panels.

It was two twelve

foot panels long and extended from the eight foot opening of the chutes
back to a width equal to an eight and twelve foot panel.

The gate panel

swung outward into the holding corral and made junction with a twelve
foot wing.

The heifers could be crowded along the corral fence behind

the wing and into the feeding chutes.
thirty heifers.

This pen would hold twenty to

The crowding pen was held up by steel posts driven ap-

proximately six to ei ght feet apart to which the panels were securely
wired.
The chutes for feeding the heifers were arranged in a V shape.

They

were adjacent at the point where they left the crowding pen and fanned
out to a distance of twelve feet which was the length of a panel placed
between the center chutes to form an enclosur e in which feed could be
stor ed .

Two rows of three chutes , each ei ght feet long, and two chu tes,

each twenty-five inches wide , wer e used.

This allowed twelve heifers to

be fed at a time.
The chutes were made of eight foot panels five feet hi gh for sides
and panels four feet long and five feet high for gates and ends .

The

eight foot panels were arranged so that an opening about eight inches
wide was left between the first and second and between the second and
third panels.

This allowed a gate to be slid along the ground between

the panels to separate the individual animals for feeding.

Gates were
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attached to both ends of the chute.
l mately twenty-five inches wide.

The individual chutes wer e approx-

This width was a little narrower at

the beginning of the feeding period but as the heifers became accust omed to the system and ceased to strugg le to free themselves it was
widened.

A greater width was necessary due to the increase in size of

t he pregnant heifers whose sides rubbed a narrower chute excessively.
Mesh-wire corrals were used at the well t o facilitate weighing the
cattle .

Siek)cattle coul d be r etained and carii] for here.

Some small pens constructed of railroad t i es and poles wer e used to
hold heifers at calving time .
Feeders
The heifers wer e fed in feed boxes cons t ructed of one i nch lumber.
These boxes wer e twelve inches long, ei ght inches wide and four inches
deep by inside measurement.

These boxes were slid under the sides of the

chutes in a small trench.
Sa lt was fed free choice in a feeder made of one-half of a fi ftyfi ve gallon

d~um

which had been cut l engthwise and was supported in a

f rame made of small logs .
The trough provided for watering the hei fers was approximat ely
twelve feet long and would hold about 900 gallons of water.
pla ced in the large corral.
about 400 gallons each .

It was

The water troughs for the group t rials held

Two troughs were allowed for each treatment group .

Scales
A portable Ranger scale was used t o weigh the cattle throughout the
experiment (figure 5).

The scale wa s modified to best f it the needs with

a more heavily cons t ructed sliding door at the entrance, and wi th a ply-

Figure 5. Scale, squeeze chute, cutting gates, and corrals used in
obtaining the data for this experiment.

w
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wood reinforcement along both sides and high enough t o prevent it from
coming open when an animal began to strugg le while on the scale.

A

canopy was built of light metal to cover the top and prevent cows from
jumping out.
Th~

s cale had to be leveled before r eliable accuracy could be

obtained in the wei ghts r ecorded.
A two by six inch piece of t imber was extended across the floor of
the scale and securely fa stened to the frame by smal l bol ts whenever the
seale was moved.

The beam was al so r emoved for transport.

The trailer des i gned for transpor t ing the Teco squeeze chute was
also used for the scale.
This scale weighs to an accuracy of one pound.

Five pound accuracy

was considered satisfactory for the cow wei9hts, but the May, 1957 and
Oct ober, 1957 weaning weights of the calves was carried to one pound
accuracy.
This scale was quite satisfactory for tbe t ype of work for which
it was used.
Squeeze chute
A Teco squeeze chu te was placed ahead of, and i n series with, the
scal es and cu t ting gates (figure 5 ).

This allowed any animal to be caught

and r estrained durins the regular we i gh periods wi t hout extra e ffor t .
ear tags which had been lost during the
could be repl aced.

prece ~ing

Any

per iod on the range

Si ck or injured ani mals could be examined and t r eated .

At the February we i ghing, cows were sel ected at random from the groups
and blood samples obtained while the cows were reta ined in the squeeze.
This squeeze chute was very satisfactory for such work because the cows
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heads could be securely held and the neck and jugler vein was exposed.
Cutting gates
Three aluminum gates four feet wide and five feet high were mounted
on hinges and hung on cedar posts in such a manner t hat the cattle passing through the scales and squeeze chute could be cut into four separate
groups (figure 5).

These gates were moved into position by pulling on

ropes which ran through pulleys mounted on overhead uprights.
a very useful and time saving piece of equipment.

This was

It operated very

smoothly and was a satisfactory met hod of separating cattle for t his
range operation.
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RESULTS AND DISCUSSION
The distribution of the cattle was controlled by hauling water and
locating water and salt in the areas desired.

The cattle had become

accustomed to the frequent changes which followed the grazing pattern
of the previous year.

The cattle were quite content at all times, and

did not trail along the fences as they had done the first part of the
year before.
The cattle were easily rotated and relocated in the new grazing areas.
The troughs were moved at each rotation to provide fresh feed.
supply of water aided in relocation of the cattle.

A constant

Those cattle receiving

the soybean oil meal supplement were the easiest to relocate and the most
content with each move.
The older cows were easier to relocate and more content with each
move than were the two-year old heifers.

The heifers became easier to

move toward spring and seemed more contented after calving.
Two wire electric fences were satisfactory for dividing the pas t ures.
The fences and corrals at the well were adequate and efficient for bandling the cattle at weigh periods and for calving out the weak cows and
the two-year old heifers.
Care of the cattle and the gathering of the heifers for feeding
required at least one saddle horse.

After calving started and calves

had to be tagged, the use of two saddle horses became necessary.
Water consumption
No natural source of water is available t o livestock on the range us ed
in this experiment.

All water was hauled to the cattle on a two-ton truck

fitted with water t anks (figure 1).
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The average water consumpt ion of each group of cattle is shown in
table 7.
Table 7.

Water consumpt ion of cattle (averaqe gal s . per head per day)

Date
From
To
During time on desert r ange
Dece@ber 9

Heifer s
gal.

Tr eatment
Control
Phos
gal.
ga l.

S30~~

gal.

January 12

5. 0

6 .3

6.0

7.7

January 13 February 9

2.8

2. 2

3. 5

4 .7

February 10 March 8

4 .1

4 .2

5.4

7. 8

!/.arch 9

April 5

4 .5

6. 4

6.3

7.8

April 6

May 3

6.6

5.8

8.8

May 4

June 1

6.1

6.8

Average

7.9

4.75

5.57

Average during time supplements were
being fed on deser t range
4. 82

5 .10

7.26

5.43

7.36

The average consumption of the control and phosphorus suppl emented
groups was 5.5 gal lons per head per day.

The avera ge consumption of the

soybean oil meal and salt fed group was 7.3 gallons per head per day .

This

is 1.33 times as much water as the groups not r eceiving salt as a r egulator
of protein meal consumpt ion.

James (1957) found t hat these same ca ttle

consumed 1.67 times as much water the year prior to this experiment.

Much

of this difference can be attributed to the great reduction in water consumption from Jan. 12 - Feb . 9.

During this period of time , snow covered

the ground and the temperature dropped to 10 de gr ees Fahrenheit and lower.
Under these conditions, the cows either could no t water due to ice on the
water troughs or ate snow and did not come in for water .
The heifers in pastur e four consumed much l ess water as wou ld be
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expec ted due t o their small er size.

Th is group was never rotated to

another pasture and hence has no bas is for comparison t o the other
groups .

It was found i n the experiment of t he previous year (James,

1957) that the forage in t his pastur e contained mor e saltbush.

water

consumption may have been i nfl uenced by herding t he heifers to the
corral and feeding them every second day.

Water was available in t he

corral where t hey wer e fed.
Water consumption is shown to be closely r elated t o ambi en t t emperature as is shown in fi gure 6 {Water and temperature chart ).
Dry matter consumption

~

nutrient balance

Under range conditions wher e fora ge for livestock is gather ed by
grazing animals no method has yet been developed for accurately measuring the quantity of fora ge ingested.

However, Winchester and Morris

(1956 ) have developed a formula for determining the water consumption

from the amount of dry matter inges t ed.

Thi s leads to the assumpti on

that working by a r ever se process an es t i mate of dry matt er intake can
be calculated from water consumption r ecords .
Tabl e 8 shows t he estimated va lues of fora ge intake as calculated
from water consumption r ecords , wi t h due considera tion fer temperatur e .
One week period s fr om each month were used as a basis for this estimation.
On the basis of the avera ge diet of the animals as r epr es ented by
surveys made by t he Range f,janagement Department further esti mates of
total digesti bl e nutrients, di ges tibl e energy, metabolizable ener gy,
crude prote in, di gestible pro te i n, and phosphorus were estimated for
the average sized cow or heifer used in this

exp~riment

(tabl e 9 ).
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Table 8.

Some estimates of daily dry matter consumpt ion based on water
intake

Date
Mean
1956-57 Tem •

F.
12/23
1/20
2/24
3/23
4/20
5/18

29
32
48
43
52
58

He ifer s
Water DMl
gal.
4.0
3.4
3.9
5.5
6.2
3.8

11.2
9.5
9. 9
14.5
15.1
9.5

Aver age

1/
2/

4.9
2.3
4.9
5.5
6.8
7.9

11. 4

13.7
6. 4
12. 4
14.5
16.5
17.6

4.9
4. 4
7.9
5.5
5.7
6.8

13.5

13.7
12.2
20.1
14. 5
13.9
15.2

7.7
7.6
9.6
7.3
9. 3
5.8

14.9

14.2
13.9
16.1
12.7
14. 9
8.5
13.3

Interpolated from actual water consumption and dat a on dry matter water intake r elationships given by ~i nchester and Morris (1956)
Val ues r educed by 1/3 t o allow for increased water intake because
of salt in meal.

Table 9.

Estimated average daily intake of nu t rients from range fora ge
on the winter range
DW.

Intake TDN
lbs. lbs.

DE

Kcal

ME
Kca1

Crude
Di g.
protein prote in Phos. Phos .
lbs.
lbs. lbs . gms .

550# He ifer ]}

11. 4 4 .67 9,325

7,649

.14

.30

.009 4.1

700# Cow 1/

14.0 5.74 11, 452 9,394

. 91

.37

.011

100# Heifer

2/

1 40# Heifer

y

1/
2/

1/

18.0 10.00 20,000 16,400
9.3 5.33 10,660

1.5

0.9

5.0
14.0

.72

Previous study of the area indicated an avera ge nutritive value of the
forag e to be 671 Kcal. metab. energy/lb., 2.64% digestible pro tein and
0.08% phosphorus. This is approximately equival ent to 6.5% protein
crude basis and 818 Kcal. di gestible energy/lb. or 41% TON. On the
basis of these estimations t he following values may be derived.
These values were based on the National Research Council r equirements
and allow for 1.5 lbs. average daily gain.
These values were obtained from the ma intenance l evel for beef cattle
as deter mined by Butcher (1958 ).
These data indicated that the quantity of dry matter inges ted was

below that l evel suggested for beef cattle by the accepted standards.
Because t hese catt le were maintained on a deser t range ar ea where feed
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was scarce and grazing difficult it is reasonable to believe that they
did not obtain more feed than is indicated by this estimation.

Weight

gains and losses are quite closely correlated to these f eed consumption
values .

The cattle tended to gain for the fir st part of the winter than

lost weight during the coldest period and ga ined again afte r the weather
warmed and the forage plants began to grow.
As the forage became green and the early growth was succulent the
water consumpt ion was supplemented from the feed eaten.

Calving and

lactation was a further drain on the cows and may have had a greater
influence on the feed consumed than is indicated.
According to the generally accep ted s t andards not only dry matter
but also digestible protein, total digestible nutrients, digestible
energy, and phosphorus were below requirement level s .
Metabolizable energy is considered to be a better estimate of the
true energy value of this desert forag e due to the adjustment for essential
oil losses via the urine .

Therefore, digestible energy was calculated

from metabolizable energy standards for comparative purposes.

Two

thousand Kcal. of digest ible energy was considered equal to one pound
of total digestible nutrients.

Due to the multiple estimates involved

in obtaining these values t he error may be gr eater than is apparent.
However, these values compare quite closely to those values obtained
by Butcher

(19~8)

in which the feeding was carefully controlled.

According to these data an apparent deficiency of phosphorus should
have eventually appeared in the control cattle.
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Blood phosphorus analysis
Blood data obtained from a random sample of cows and hei fe r s at
the February and

l~rch

1957 weighings did not statistically confirm a

phosphorus deficiency or a differential among treatments.

Most of the

samples showed an analysis for phosphorus between 4 and 6 mg/100 cc.
of blood.

Some individual s wer e near the 4 mg minimum l eve l.

However,

cows from the control gr oup wer e observed to chew bones and sticks to a
gr eat degr ee .

Some animals walked up to t hree miles a day to r evisi t

a bone pile and spent hours chewing on bones.
Supplements
It was planned to f eed the soybean oil meal and phosphorus group
one pound of soybean oil meal per head per day.

The consumption was to

be limi ted by the use of sal t used as a r egu lator.

Fi gure 7 shows the

supplement and salt consumpt ion actually ob ta ined .
During the period of coldes t weather when snow cover ed much of the
fora ge, t he cattle were found to consume much more mea l.

During the first

week of this weather, the cattle did no t water r egularly and consumption
dropped off, but ther eafter and for the rest of the cold weather period
consumption was increased greatly.

During this period the salt meal ratio

was never gr eatly changed from two parts of meal t o one part sal t .

As the

spring f eed became be tter, the consumption of mea l dropped off rapi dly.
The salt meal ratio was r educed slightly, but consumption was held under
one pound per day to obtain the overall average of one pound per head per
day.

The amount of meal consumed varied greatly with fora ge type, avail-

ability, time of season and weather conditions .

Adjustments in t he ratio

of salt to protein meal can be made to level ou t the average consump tion.
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Cows on a high level of salt meal consumption tend to scour regularly.
The cattle from the other groups did not scour.

At no point during the

period of supplemental feeding did the scouring become serious or cause
digestive upsets or sickness in the group.
Phosphorus was fed by mixing monosodium phosphate in the drinking
water.

Phosphorus consumption varied with water

entire period.

consumption during the

Figure 8 shows the variation in phosphorus consumption of

the group being supplemented.

This is a very satisfactory method of

supplementation where water consumption is the same from day to day, but
may limit the results where consumption is varied as was the case in this
experiment.
Monosodium phosphate was corrosive t o the metal tanks, especially if
it become somewhat concentrated.

Leaks will occur in the troughs if they

are not observed frequently and treated with tar or welded.
We ights

£i

heifers

~

cows

The heifers were weighed in October prior to movement to the winter
range .
deser t .

They were weighed again on December 2, 1956 and moved t o the
Per iodical weighings occurred on January 7, 1957, February 9,

1957, March 12, 1957, April 9,

195~

and May 28, 1957.

The period from

May until the next October was spent in summer pastures .

The heifers

were weighed again in the following sequence , October 10, 1957, February 19,
1956, 1Aay 19, 1958, and October 10, 1958.

During the period from October 1956 to March 1957 the entire group
showed a significant gain (P .01) by covariance analysis using the
October 19, 1956 we i ght as a base (tab l e 10).
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Table 10. Covariance analysis of the cummulative wei ght changes of
heifer s in the individual t rial
Source of
variation

Degr ees of
freedom

Tr eatment

Mean Squar e
Oct .56-0ct .57

7165**

6410

619

7274

8

Error

**

Mean Square
.5 6- r~ar. 57

Oct

89

Si gnificant at the .01 level.
Suppl ements wer e being fed for t he duration of this period.

This

varia t ion mus t have been due t o treatment alone because all of the
heifers were in t he same group and were t r eated exactly alike.
Covariance analysis from October 1956 to October 1957 shows no
significant effect due to treatment .

Treatment ended in March of 1957

which shows that the carry-over eff ect of treatment on these growing
he ifers had no significant effect .

The r esidual effect of t r eatment

was los t during the summer grazing period following the treatment of
the winter before (t able 11).
Table 11.

Average weight of heifer s by periods.

Treatment

Oct.

Oct.
57
601

Oct.

58

58

Control

Mar.
57
543

Feb.

56
560

633

787

6 grams phosphorus
12 grams phosphorus

550
537

561
545

615
546

654
618

749

. 8 lbs. sugar + 6 grams Phos.
1.6 lbs. sugaz + 6 grams phos.

5 45

561
553

600
581

621

780

548

611

841

3 grams Phosphorus
2 lbs. soybean oil meal

5<15
553

584

642
620

669
644

800

609

1 lb. soybean oil meal plus
9 grams phosphorus
2 lbs. soybean oil meal plus
6 grams phosphorus

552

587

()56

675

750

547

607

602

625

833

788

1 lb. soybean oil meal plus
784
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Heifer weights were related to body condition, lameness, and haircoat
scores (Appendix table 18).
Because all of the treatment groups were maintained in common and
handled exactly alike no variation could have occurred through pasture
or physical handling differences.
The cows weights obtained from the group feeding trial were not
statistically analyzed because they followed a pattern quite similar
to that of James (1957) and because it was

thoug~t

that production

factors such as calf crop and weaning weights were more important measures
of the worth of the experiment.

The cow weights were closely related t o

condition scores.
Calf weights

!n£

production values

Birth weights were obtained on all calves within one or t wo days
after birth.

The birth weights followed a pattern very similar to that

of the previous year (James, 1958).

The calves were heaviest in the

treatment group receiving the protein supplement and lighter in the
control and phosphorus groups.
No difference could be shown in t he experiment with the two-yearold heifers because the number of calves born was too small.

However,

trends indicated that additional protein supplement produced heavier
calves in these growing heifers.

The heifers on the highest protein

levels with or without a!'l ·additional supplement of phosphorus had
difficulty calving.
The following table for the group trial shows the number of calves
present in October at weaning time for each age group of cows, and
includes t he three year period of this experiment .
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Table 12.

Cow numbers and calves born for each age group of cows
Number of calves
Oct .
Oct.
Oct.
1956
1957
1958

Year
cows were
born

48
46

45
44
27
35

71
64
76
59

64
51
67
53

174

151

270

2~

1952
1953
1954
1949

47
34
6
43

51

Total

130

!/

Number of cows
Oct.
1956-1957
1958

~

The number of calves weaned in 1956 and 1957 is based on the 1956-1957
number of cows. In 1958 some of the cows were r eplaced for production
r easons and it is from those remaining cows that the 1958 calf crop
was produced.
The cows born in 1952 were quite mature when t his experiment s t arted

and t heir production of calves has been maintained at a cons t ant rate.
The drain of calving apparently did not affect these cows t o the extent
where r eproduction was affected.

The cows born in 1953 have mainta ined

a reasonably cons t ant production of calves although the production tended
t o rise as they approached maturity.

The cows born in 1954 wer e bred to

calf as two-year-old heifers on t he first year of this experiment.

These

growing heifers did not conceive and were unable to produce a satisfactory
calf crop the firs t year.
group calved.
went down.

As three-year-old heifers the majori t y of the

As four-year-old heifers t he production of calves again

The drain of calving the year before was evident ly so gr eat

t hat this age group did not breed and many of them spent the winter grazing period as dry cows (figure 9).

Cows born in 1949 were mature and

produced satisfactorily for the entir e experiment, although the tendency
was slightly downward as would be expected with old cows.
The heifers bred to calf at two years of age gave birth to about a
65 percent

~alf ~p.

Thi~

can be accomplished when the heifers have
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been well fed and r each a we i ght near 600 pounds befor e goi ng on the
deser t range .
When such a program is carried ou t the dra in of lactat ion may be so
gr eat on these heifer s that they will no t br eed again and pr oduce calves
in the followin g year (table 13}.
Table 13. Calving r ecord of t he hei fers on individual feed i ng in
1956-57.
No.of
calves
weaned
1957

Tr eatment

'Jo. of
calves
weaned

195?

No. of
No. of
cows per
cows
calving treatment
1957 &
1957
1958

Control

7

3

1

11

6 grams phosphorus
12 grams phosphorus

5
5

6
1

2

0

11
11

.a lbs. sugar + 6 grms. phos.
1.6 l bs . sugar + 6 gr ms . phos.

6
6

6
3

0
0

u

1 lb. SBOM + 3 gr ms . phos.
2 lb. SBOM

6
5

s

0

3

0

11
11

1 lb. SBOM + 9grms. phos .
2 lb. SBOM + 6 gr ms . phos.

6
6

6
1

3
0

11
11

52

29

6

99

Total

11

Mos t of those heifer s which did not calf at two year s of age calved
at three years of age .

On ly six of t he heifer s calved both years.

This

supports the findings of the gr oup trial in r elation t o those cows bor n
in 1954.
Tab l e 14 shows t he annual cal f crop production of each treatment
group for the three year duration of the experiment .
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Table 14.

Number of calves weaned each year for each treatment
group of cows

Treatment

Number of calves weaned
Oct. 56 Oct. 57 Oct. 58

No. of cows
56-57 Oct. 58

Soybean oil meal
plus phosphorus

46

59

60

89

83

Phosphorus

44

58

41

92

75

Control

40

57

50

89

77

130

174

151

270

235

Total

17

October 1956 and 1957 calf crops were produced from the number of
cows listed for those years. In 1958 some cows were culled or
replaced and the 1958 calf crop is based on the r emaining number.
This table shows that the feeding of a protein supplement raised

the overall average number of calves weaned.

The gr eatest fluctuation

occurred in the phosphorus group and was largely due to variation in
the age group born in 1954.
The final production analysis for the group t rial was bas ed on
the calves from the 235 cows which remained in the experiment for all
three years and is presented in tables 15 and 16.
Table 15.

Pounds of calf weaned per cow (all cows) by age group.

Year of
experiment

1949

Cows born in a
1952
1953
1954

Single year
average

1956

190

151

120

17

115

1957

239

182

120

152

173

1958

174

178

228

99

166

Three year average

201

170

156

89

151

53

64

51

67

Number of cows

57

Table 16.

Pounds of calf weaned per cow (all cows) by treatment group
Treatment
Control
SBOM + P Phosphorus

Year of
experiment

Average

1956

127

112

104

115

1957

191

164

161

173

1958

192

138

163

166

Average

170

138

143

151

83

75

77

Number of cows

This is further illustrated by figure 10 which shows the changes
in body weight of all cows of the group trial for the duration of the
experiment.

The pounds of calf weaned for each of the three years is

repre sented on this same figure and s hows some advantage for the protein
supplemented group each year.

This is in agreement with James (1957).

The phosphorus and control groups r emained about

~qual

as was

also shown by James (1957).
This is further explained by table 17.
Table 17.

The analysis of variance table for weaning weights.

Source of variation
Total
Treatment
Age
Treatment X age
Error a
Year
Year X treatment
Year X age
Error b

**

Degrees of freedom

Mean square weaning wt.

575
2

3
6
180
2
4
6
372

Significant at the .01 level.

38,838**
351,849**
9,083
8,728
156,348**
9,678
99, 727**
14,949
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Statistical analysis shows that the effects of treatment and age
are highly significant.

The effect of year is also significant as is

the interaction of year and age.
age would be significant .
previously discussed.

It is to be expected that year and

The significance attached to age has been

The variation due t o year is understandable

because in 1955-56 the average annual precipitation of the area was
below normal which reduced the forage growth the following year.
Precipitation for the other years was near normal.

Winter temperatur es

varied during these years as did the periods of time that snow covered
the ground.

Advancing age of cows also increased produc tion l evels.

Appendix table 19 shows a breakdown of birth and death losses.
Of the seven cows in the group trial which died, two died of prolapsed
uteruses, and two died from getting on their backs in small depressions
of the ground while calving.

Of the remaining three, two died of causes

incidental to calving, and one died from unknovm causes.
were not associated with treatments.

Two of the five heifers which

died calving were on the highest protein level.
low protein level also died.
was difficult.

The deaths

One heifer from the

They all had such large calves that birth

One rather weak, thin heifer from the high phosphorus

level died calving.

Oae heifer died from a prolapsed uterus and one

from unknown causes.
Several of the remaining heifers on the high level and on the lower
level of protein had difficulty calving and of the calves lost at birth
four were from these heifers.

Calves which were lost at birth in the

non-pDotein treatments wer e lost from causes other than difficulty in
the calving process.

Such causes included thin weak calves which died
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from exposure or suffocated in the birth process.
appear to be associated with any one treatment.

These losses did not
However, trends in-

dicated that additional protein supplement produced heavier calves in
these growing heifers.

The heifers on the highest protein levels with

or without an additional supplement of phosphorus had difficul ty calving.
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SUMMARY AND CCK;LUSIOOS
1.

In 1957 three hundred and three

H~reford

cows were stratified

into three treatment groups containing cows 3, 4, 5, and 6 to 9 years
of age, and allotted to the same treatment groups as in the experiment
of the previous year.

These treatments included, (1) soybean oil meal

plus monosodium phosphate (SBOM & P), (2) phosphorus (P) and (3) range
forage only (control).

For the purpose of analysis, those cattle re-

maining on experiment for the three year duration of the experiment
were used.
In addition to this experiment, 99 head of two-year-old Hereford

.

heifers were stratified by weight and assigned to nine treatments which
included supplementation with protein (3 levels), phosphorus (2 levels),
sugar (2 levels), which

was .

used as an emergy supplement, and a control

group which received range forage only.
2.

The protein meal was fed to the cows in the group trial free

choice with salt used to regulate consumption to approximately one
pound per head per day.

Monosodium phosphate was fed lixed with the

drinking water at the rate of approximately eight grams per head per
day.

All cows were maintained in coemon and fed in groups.

The con-

sumption of these supplements varied somewhat from day to day as they
were affected by temperature and precipitation.
The heifers were fed their rations individually, every other day.
This was accomplished by herding them to a central corral for feeding.
3.

A portable system of corrals was devised which could be set

up or taken down and moved to a new location on the range with a minimum
of effort.

Twelve heifers could be fed at once with the entire group
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requiring about four hours feeding time.
we ighing the cows and calves.

A portable scale was used for

A portable squeeze chute was placed in

sexies with the scales and a foux way cutt ing gate at the central
corrals was used at each rotation.
4.

The cattle were grazed on the deser t winter range from early

December, 1956, to late May, 1957, and on meadow pasture from the fir st
of June to late October, 1957.
5.

The winter range was divided by two wire electri c fences

into four pastures.

The northernmo st thr ee of these was used for the

group feeding trial.

The south pasture was used f or the individual

feeding trial.

The groups were ro t ated among the three northernmost

pastures to r educe variation due t o pasture differ ences .
6.

Water was pumped from a cent ral well and haul ed to the ca ttl e

in tanks placed on a truck.

Water consump t ion was affected by temperature ,

precipitation and the sal t used as a r egula t or.

The ca tt l e r eceiving

the salt as a r egula tor consumed 1.33 t imes as mQCh water as those not
r eceiving the salt.
7.

The ca t tle were weighed befor e going on to the desert range

and at periodic intervals thereafter.
made at the time of weighing.

Rot ations between pastur es were

The catt l e supplemented with pro tein

showed significantly heavier body weights for t he supplementary period .
The group supplemented with phosphorus showed no advant age over the
control group, in fact, weaning weight s of calves showed a s light di sadvantage .

At the October, 1958 we i gh per iod all three groups had

approached a common we ight and the r esidual advantage of supplementat ion
had been lost.
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~lo

advantage appeared in the heifer weights f or t he group on the

highest l evel of protein supplementation, (2 lbs. per day).

Extra

d iff icul t y at calving time may have been due to this extra protein
in the diet.

Some cows scoured slightly on the high pro te in diets.

Sugar did not increase the body weight of calf.

The heifers supple-

me nted wi th sugar scoured r egularly and in some cases diges t ive upsets
resul ted

f~

the highest l eve l of suppl ementation (1.6 lbs. per day).

Regardless of the winter supplamentat ion used when heifers of this
age and size calve under condi tions like those of this experiment they
are unabl e t o breed back and produce a satisfactory cal f crop the
following year.

This was further veri f ied by the produc t ion data of

the cows born in 1954.

The strain of producing a calf at two years of

age may be so great that under desert range conditions a cow will no t
breed the following year.

This suggests that further suppl ementation,

or supplementation at a different season of the year may be needed.
8.

Weight analysis of the cows is confounded with c!l f pro-

duction or weaning weight of calves but the analysis of calf production does show a significant advantage for the protein supplemented
group for the three year group.

These data indicates that phosphorus

supplementation as determined by this experiment is not worthwhile.
9.

A method for estimating dry matter consumption was wor ked out

using the formula of Winc hester and Morris (1956).

Using this as a

base value, estimates were made for all diet consti tiuents.

These

estimates indicated that the cattl e r eceived l ess nutrients than is
recommended by the accepted standards, however, a winter maintenance
level was approached.
10.

Blood samples were taken at the February and Marc h, 1957 weigh
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periods and were analyzed for plasma inorganic phosphorus.
were above the minimum level of 4.0 mg P/100 plasma.

All groups

There was no

difference among treatment groups.
11.

Analysis shows a significant effect on calf production due to

age of dam.

Cows must be mature and healthy in order to produce a sat-

isfactory calf crop each succeediA9 year.

When cows calve at two years

of age, the strain usually restricts production in the following year.
This was evident from the production data of the two-year-old heifers.
12.

Calf production among years was significant ly different.

This

was due to many factors, which include, increas ing age of dam, climatic
changes between years, supplements fed, and l ength of the period
supplements were fed.
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Appendix Table

DS.

Condition, lameness and haircoat scores of heifers by treatment.
Haircoat Condition Condition Ccndition
Mar. 57 Apr.
57 May
~7 Oct~
~57

Condition
Mar.
57

Lameness
Mar. 57

Control

3.25

1.39

3.27

3.54

3.09

3.10

6 grams phosphorus
12 grams phosphorus

3.26
3.09

1.27
1.48

3.21
3.33

3.41
3.59

3.13
2.88

3.30
3.40

.8 lbs. sugar + 6 grms. phos.
1.6 1bs. sugar + 6 grams phos.

3.15
2.96

1.64
1.55

3.12
2.91

3.22
3.31

3.04
2.80

3.10
3.30

1 lb. SBOM + 3 grms. phos .
2 lb. Soybean oil meal

3.12
2 .78

1.58
1. 4~

3.36
3.33

3.22
3.18

2.82
2.66

3.00
3.30

1 lb. SBOM + 9 grams phos .
2 lb. SBQ~ + 6 grams phos .

2.90
3.29

1.73
1.33

3.15
3. 46

3. 45
3.04

2.81
2.64

2.80
3.50

Treatment

(7\
Q)

~--

Appendix Table

~9.

Summary of birth and death losses.
Total

Treatment

COW&

Calves
born

19~7

1957

Born dead Died
or died
after
birth
shortly
after birth

Control
89
SBOM + Phos.
89
Phosphorus
92
He ifers
99
Control
11
6 grm. Phos.
11
12 grm. Phos.
11
.8 lbs. sugar+6 grms Phos.

58

1

63

2

11

0
0
0

1957
Cows
Calves!/
Cows
calves unaccounted died
died
weaned
for
naturally calving
!)7

0

2

!>9

2
3
0
0
0

2
0
l
0
0
1

65

4

64
8
8
1

11
0
2
2

0
1
0

58
52
7
5
5

7

2

0

6

0

0

1

11

7

0
0

6

6

0

5

6

0

6

0
0
0
0

1
0

8

2

0
0

0
0
0
0
0

0

7

1
1
1

6

SBOM + 3 gms.Ph9s.ll
SBOM
11
SBOM + 9 gms.Phos.ll
SBOM + 6 gms.Phos.11

0

1

1

0

1.6 lbs. sugar+6 grms Phos.
1 lb.
2 lb.
1 lb.
2 lb.

l7

1
0

6

2
5
0
0

1

;.

Calves unaccounted for had lost their ear tags before weaning time.
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